Background: We aimed to investigate the prognostic importance of platelet-lymphocyte ratio (PLR) and neutrophil-lymphocyte ratio(NLR) combination for patients diagnosed with acute pancreatitis and its relationship with mortality. Methods: This retrospective study was included 142 patients diagnosed with acute pancreatitis. Ranson, Atlanta and BISAP 0h, 24h and 48h scores of the patients were calculated by examining their patient files. The patients were divided into three groups as low-risk, medium-risk and high-risk patients according to their PLR and NLR levels. Results: The number of patients with acute pancreatitis complications such as necrotizing pancreatitis, acute renal failure, sepsis and cholangitis was significantly higher in the high-risk group compared to other groups. Mortality rate was found to be 90% in the high-risk group, 16% in the medium-risk group, and 1.9% in the low-risk group. The number of patients with a Ranson score of 5 and 6, a severe Atlanta score, a BISAP 0h score of 3 and 4, a BISAP 24h and 48h score of 4 and 5 was higher in the high-risk group compared to other groups. PLR-NLR combination, Atlanta and Ranson scores, and C-reactive protein level were determined to be independent risk factors predicting mortality in stepwise regression model. PLR-NLR combination had the highest area under curve value in terms of predicting acute
Introduction
Acute pancreatitis is the sudden onset severe inflammation of pancreas and the most common cause of gastrointestinal hospitalization in the United States (1) . The most common symptoms are epigastric pain, nausea, vomiting, loss of appetite, fever and hemodynamic instability in severe cases. The two most important causes in its etiology are alcohol and gallstones, whereas hereditary causes, hypertriglyceridemia, hypercalcemia, malnutrition and complications associated with endoscopic retrograde cholangiopancreatography (ERCP) are among other common causes (2) .
Inspite of treatments, acute pancreatitis leads to high morbidity, mortality and complications. Hence, determination of its prognosis is of vital importance. Several scoring systems such as Ranson score (3), Atlanta classification (4), acute physiology and chronic health evaluation (APACHE)-2 (5), the bedside index for severity in acute pancreatitis (BISAP) (6) , and laboratory parameters such as C-reactive protein (CRP) are used for this purpose. Inspite of all these scoring systems and laboratory parameters, it may still be difficult to determine its prognosis. Practical, quantifiable and easy-to-use markers are particularly required.
Changes in peripheral blood components are used to show the prognosis of many diseases. Neutrophil-lymphocyte ratio (NLR) and plateletlymphocyte ratio (PLR) are new markers used to this end, on which there are several studies available in the literature (7) . These markers are especially thought to show inflammation response (8) . Lately, it has been suggested that PLR-NLR combination could be used to predict disease prognosis (9, 10).
Although we have found studies in the literature suggesting that NLR and PLR could be used to predict prognosis of acute pancreatitis (11) , there is not a study that compares the combination of these markers with CRP and scores commonly used for pancreatitis prognosis such as Ranson, Atlanta, and BISAP. Hence, in this study, we aimed to investigate the prognostic importance of PLR-NLR combination for patients diagnosed with acute pancreatitis and its relationship with mortality.
Methods

Study Population
This study was carried out by examining patient files of acute pancreatitis patients in Gastroenterology Clinic of Türkiye Yüksek İhtisas Education and Research Hospital between May 2012 and June 2015. The study was designed as a retrospective cohort study. Of the 300 patients hospitalized with acute pancreatitis diagnosis, 158 were excluded from the study due to absence of patient files or lack of neutrophil and lymphocyte values. The final study population consisted of 142 patients.
Acute pancreatitis diagnosis was made using clinical, laboratory and radiological findings. Patients who had admitted to emergency room with upper abdominal pain, high amylase-lipase levels in the laboratory and pancreatic inflamation in ultrasonography or tomography were included in the study (12) . Ranson score, Atlanta score and BISAP 0h, 24h and 48h scores of the patients were calculated by examining their patient files. In order to evaluate necrosis status, patients who had abdominal CT on the day of admission or on the 7th day of hospitalization in cases of long-term hospitalization were included in the study.
For laboratory measurement, blood was collected and used for routine blood tests and biochemical tests. Laboratory values of the patients were retrieved from their patient files. Patients with known renal and liver failure or malignancy diagnosis and patients who suffered severe infectious attack within the last month were excluded from the study.
Receiver operating characteristic (ROC) curve analysis was used to determine prediction points of PLR and NLR levels for mortality. The threshold value of NLR level was found to be>13.64 with 73.0% sensitivity and 82.7% specificity (AUC±SE=0.788± 0.071, p<0.001), whereas the threshold value of PLR level was found to be>342.31 with 73.3% sensitivity and 99.2% specificity (AUC±SE=0.863± 0.077, p<0.001). For patient with both NLR and PLR values, those with both values greater than the determined thresholds were classified as high risk (PLR>342.31 and NLR>13.6), those with either NLR or PLR value grater than the threshold were claspancreatitis prognosis and had a similar diagnostic discrimination with other scoring systems. Conclusions: In our study it was found that PLR-NLR combination had a similar prognostic importance with other scoring systems used to determine acute pancreatitis prognosis.
Keywords: Atlanta classification, BISAP score, necrotizing pancreatitis, Ranson score Zaklju~ak: U na{em izu~avanju na|eno je da PLR-NLR kombinacija ima sli~an prognosti~ki zna~aj sa drugim skor sistemima koji se koriste za utvr|ivanje prognoze akutnog pankreatitisa. Categorical variables were presented as numbers and percentages. ROC Curve analysis was used to determine prediction points of PLR and NLR levels for mortality. In comparison of 3 risk groups obtained from the combination of these levels, the ANOVA test was used for parametrically distributed data and the Kruskal-Wallis H test was used for non-parametrically distributed data. The Bonferroni correction was applied to paired comparisons. Student T test or Mann Whitney U test were used to compare groups. Chisquare test and Fisher's exact Chi-square test were used in comparison of categorical data. In order to determine the effects of potential prognostic factors on mortality, independent predictors were obtained from stepwise multivariate cox regression analysis. The Kaplan-Meier analysis was used to show the relationship of risk factors with mortality throughout the follow-up period. The diagnostic discrimination of scoring systems and PLR-NLR combination in prognosis of acute pancreatitis was examined with ROC Curve analysis, area under the curve (AUC). In statistical analysis, p<0.05 with 95% confidence interval and 5% margin of error was considered to be statistically significant.
Results
Entire Population Findings
The research population consisted of 142 patients in total, 84 female (59.2%) and 58 male (40.8%). The mean age of the patients was 61.6±17.4 years. In terms of pacreatitis etiology, the most common cause was gallstones (n:117). Alcohol use (2.8%), hypertriglyceridemia (2.1%), hereditary reasons (8.5%), ERCP complication (1.4%) were the other causes. The In terms of pancreatitis-associated complications, 4.9% of the patients had acute renal failure (ARF) (n:7), 3.5% had abscess (n:5), 2.8% had sepsis (n:4), 4.9% had pseudocyst (n:7), 1.4% had ascites (n:2), 1.4% had hematoma (n:2), 1.4% had cholangitis (n:2), and 9.2% other pancreatitis complications. 14.8% of the patients had necrotizing pancreatitis (n:21) and 85.2% had edematous pancreatitis (n:121). Exitus occurred in 10.6% of the patients (n:15). The median duration of hospitalization was 8.5 (IQR:9) days.
60.6% had a Ranson score of 0-2 (n:86), 28.2% had a Ranson score of 3-4 (n:40), and 11.3% had a Ranson score of 5-6 (n:16). 73.2% of the patients had a »mild« Atlanta score (n:104), 17.6% had a »moderately severe« Atlanta score (n:25), and 9.2% had a »severe« Atlanta score (n:13). In terms of BISAP 0 scores, 21.1% of the patients had a score of »0« (n:30), 34.5% had a score of »1« (n:49), 29.9% had a score of »2« (n:41), 12.7% had a score of »3« (n:18), and 2.8% had a score of »4« (n:4). In terms of BISAP 24h scores, 31% of the patients had a score of »0« (n:44), 44.4% had a score of »1« (n:63), 17.6% had a score of »2« (n:25), 4.9% of the patients had a score of »3« (n:7), 1.4% had a score of »4« (n:2), and 0.7% had a score of »5« (n:1). In terms of BISAP 48h scores, 34.5% of the patients had a score of »0« (n:49), 46.5% had a score of »1« (n:66), 8.5% had a score of »2« (n:12), 7% of the patients had a score of »3« (n:7), 2.8% had a score of »4« (n:2), and 0.7% had a score of »5« (n:1). Table I summarizes demographic characteristics and clinical findings of risk groups. The number of patients with necrotizing pancreatitis was higher and the number of patients with edematous pancreatitis was lower in the high-risk group compared to other groups. While exitus occurred in 90% of the high-risk group patients, the exitus rate was 16% in the medium-risk group, and 1.9% in the low-risk group.
Distribution by Combination Groups
The distribution of laboratory findings by risk groups is given in Table II in detail.
Values of prognostic scoring systems by risk groups are shown in Table III in detail. The number of patients with a Ranson score of »5-6« was found to be higher in the high-risk group compared to other groups. 40% mortality score was found in 70% of the high-risk group, 20% of the medium-risk group, and 3.7% of the low-risk group. The number of patients classified as severe according to Atlanta classification was higher in the high-risk group compared to other groups (60% vs 8% vs 4.7%, respectively; p<0.001). The number of patients with a BISAP 0 score of »3« and »4«, a BISAP 24h score of »3", »4«, and »5« and a BISAP 48h score of »4« and »5« was found to be higher in the high-risk group compared to other groups.
Correlation analysis results related to PLR and NLR are given in Table IV in detail. According to regression model; PLR-NLR combination, Atlanta and Ranson score, and CRP level were found to be independent risk factors for predicting mortality (Table V) .
Survival chart of the high-risk group is given in Figure 1 . Accordingly, the survival rate was lower in the high-risk group patients (p<0.001). In addition, PLR-NLR combination and CRP predictors were compared to Ranson score, Atlanta score, and BISAP 0, BISAP 24h, BISAP 48 scores in terms of diagnostic discrimination by using the ROC curve analysis. Accordingly, PLR-NLR combination had the highest AUC value in terms of predicting acute pancreatitis prognosis and had a similar diagnostic discrimination with other scoring systems. PLR-NLR combination and scoring systems had better diagnostic discrimination value compared to the CRP variable. 
Discussion
It was found in this study that PLR-NLR combination had a similar prognostic importance with other scoring systems used to determine acute pancreatitis prognosis. In risk groups according to PLR-NLR levels, it was found that mortality and acute pancreatitis complications such as ARF, sepsis and cholangitis increased in proportion to risk. The number of patients with a Ranson score of 5 and 6, a severe Atlanta score, a BISAP 0h score of 3 and 4, a BISAP 24h and 48h score of 4 and 5 was found to be higher in the high-risk group compared to other groups.
Acute pancreatitis is one of the most common gastrointestinal emergencies. While mortality rate is around 1% in all acute pancreatitis cases, this rate can reach up to 20-30% in severe acute pancreatitis cases (13) . Currently, no single prognostic index is available for evaluating the severity of acute pancreatitis in the clinic. Disease occurrence and mortality is often predicted by combined use of clinical data, imaging, and biochemical analysis. However, approximately 20-30% of severe acute pancreatitis is misdiagnosed (14) . There is a need for economical, objective, repeatable, non-invasive, specific, sensitive, simple laboratory parameters that do not require additional examination to diagnose the disease in early stages and determine severe cases. For this reason, we investigated whether PLR-NLR combination, which can be easily obtained in complete blood count, could be used to determine the disease prognosis in patients diagnosed with acute pancreatitis.
Inflammatory markers are known to be usable for prognostic purposes in many diseases including cancer (15, 16) . NLR and PLR are new markers used for this purpose. In our literature review, we have found a small number of studies investigating the relationship between NLR and acute pancreatitis (17, 18) . In a study conducted by Azab et al. (18) it was reported that NLR was superior to total white blood cell count in terms of predicting adverse outcomes such as intensive care admission and longer hospital stay and a cut-off value about >4.7 could suggest severe disease. It was found in a study conducted by Suppiah et al. (19) that NLR was significantly higher in the severe pancreatitis group determined according to the Atlanta classification. Similar to above mentioned studies, a positive correlation was found in our study as a result of the correlation analysis between NLR and Ranson, Atlanta, BISAP scores and laboratory findings such as urea, creatinine, ESR, CRP. A cut-off value about NLR >13.64 was found to show disease severity with 73.0% sensitivity and 82.7% specificity. The fact that, unlike above mentioned studies, we obtained significant results with scoring systems and laboratory findings most commonly used for disease activity supports the idea that NLR is an effective parameters to show disease severity.
There is only a single study investigating the relationship between PLR and prognosis of acute pancreatitis (11). Although a relationship was found between NLR and acute pancreatitis severity similar to above mentioned studies, Ilhan et al. could not find such a relationship between PLR and acute pancreatitis severity. In contrast to the study conducted by Ilhan et al. we found a relationship between PLR and acute pancreatitis severity in our study. A positive correlation was found as a result of the correlation analysis between PLR and Ranson, Atlanta, BISAP scores and laboratory findings such as urea, creatinine, ESR, CRP and a cut-off value about PLR >342.31 was found to show disease severity with 73.3% sensitivity and 99.2% specificity. Only the Ranson criteria were used to show disease activity in the study conducted by Ilhan et al. and the study was performed on pregnant patients, which might be the reason why they obtained different results from us. However, comprehensive population of our study and the use of other popular scoring systems other than the Ranson score are superior aspects of our study.
Although there are a small number of studies investigating the relationship of NLR and PLR with acute pancreatitis, there is not a study investigating the PLR-NLR combination in acute pancreatitis. There are a number of studies reporting that the PLR-NLR combination could be used in prognosis of other diseases other than acute pancreatitis, particularly cancer (17) (18) (19) (20) . Similar to our study, patients were classified as 0-1-2 (low-medium-high risk) according to certain cut off levels in a study conducted by Feng et al. and the PLR-NLR combination was found to be associated with tumor progression in patients who underwent surgery due to esophageal cancer (20) . The fact that, similar to above mentioned study, mortality was found to be around 90% in the high-risk group in our study suggests that the PLR-NLR combination is an effective marker to determine the course to mortality in acute pancreatitis.
It was shown in our study that high-risk group patients were mostly in advanced age group and more often had complications such as ARF, cholangitis, sepsis, abscess, and necrosis. High occurrence of complications directly associated with mortality in the high-risk group shows the prognostic importance of the PLR-NLR combination. Similar to our study, it was reported in studies available in the literature that advanced age (>70 years) and acute pancreatitis complications were directly related with mortality (21, 22) .
There are several studies in the literature comparing prognostic scores used for acute pancreatitis. In a study conducted by Surco et al. (23) it was found that BISAP score was similar to Atlanta score in terms of showing disease severity and both were superior to Ranson score. Koziel et al. (24) found APACHE II had the highest predictive value in terms of showing disease severity and mortality; however, a similar sensitivity was observed using the BISAP score. Zhang et al. (25) found BISAP score and Ranson score to be similar in terms of showing mortality. On the other hand, it was determined in our study that mediumand high-risk PLR-NLR, moderately severe and severe Atlanta scores and Ranson score were found to be among independent predictors of mortality. It was found that BISAP 0, 24h, and 48h were not independent predictors of mortality.
The major limitations of our study are its retrospective design and low number of patients. Another limitation is the low number of pancreatitis cases due to ethylism and other causes in our hospital, which is an ERCP center.
Inspite of all the studies on prognostic markers of acute pancreatitis, it is still uncertain which scoring system or laboratory finding is the most reliable in terms of determination of prognosis and mortality. In addition, each scoring system has its advantages disadvantages. Although the Ranson score presents a great advantage to assess disease severity, it is a disadvantage that it requires 48h data. Similarly, although it is very easy to use, the Atlanta classification is unable to differentiate between moderately acute pancreatitis and severe acute pancreatitis before 48 h after onset. Although BISAP provides quick data, it is complicated, cumbersome, and insufficiently sensitive. The PLR-NLR combination has advantages over other scoring systems such as being easy-to-use, simple, highly sensitive and specific and providing information regarding mortality and prognosis without requiring 48 hours of assessment time.
In conclusion, the PLR-NLR combination was found to have the highest AUC value in the ROC curve analysis in terms of survival and shown to have superior diagnostic discrimination compared to Ranson, Atlanta and BISAP scoring systems in terms of predicting mortality. In addition, the fact that the high-risk group had a mortality rate of approximately 99.5 times higher than the low-risk group and a Hazard Ratio (HR) higher than other risk factors shows that the PLR-NLR combination is an important marker in determination of prognosis.
